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On« of the earliest users 
of the Type 1605>A Imped- 
once Comparator is Vitro- 
mon, Inc., of Bridgeport, 
Connecticut, monufocturers 
of ceramic copocitors. VI- 
tromon uses Impedance 
Comparators for produc¬ 
tion testing, as shown in 
the photograph, and also 
for engineering tests to de¬ 
termine the effects of en¬ 
vironmental factors such as 
temperature, humidity, im¬ 
mersion, and vibration. 
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THE TYPE P.582 CAPACITANCE BRIDGE 

AN INSTRUMENT DESIGNED TO CALIBRATE CAPACITIVE FUEL-GAGE TESTERS 


The full range of an airplane can only 
be achieved if the plane lands with a dry 
fuel tank. Any fuel leit over has not only 
reduced the rjuigc by not being used, but 
it has also added to tlie weight of the 
plane during the entire trip. A margin of 
safety is, of course, necessary, but an ac¬ 
curate fuel gage can keep this margin 
from being unnecessai’ily large. 

llie fuel gage on a modem military 
aircraft measures the fuel quantity by 
measuring the capacitance of an element 
inserted into the fuel tank*. This element 
is, in effect, a capacitor whose capaci¬ 
tance clvanges as fuel is replaced by air. 
Periodic checks of the a<*curacy at full 
and empty gage readings iire made by 
the substitution of a variable capacitor, 
such as the MD-1 (GR Type P-579) 
Field Variable Capacitance Tester,* * 

*"Toiii|>eraturo Corufx*nsnte4l AirrnJt KueJ CJngo," R. J. 
I>evinc. ElJiC.’TRONICS, 27, 9, Sof>t<iaibcT. 19if»4, pp. 
160-1. 

***A Culibrtttor for Aircmft Fuel CJagca,’* P. K. McEIroy, 
Gmtral Radio Exprrim<!ntrr, K<*ptemi>er, 1955. 
**’Elt*otronic Fuol Gage TpNtcr,'* P. Di^hop, EIJEC- 
TRONIC INDUSTRn^. Mny. 1957. p. 75 


for the tank elements. The gage can be 
only as accurate as the test capacitor, 
which, although of high precision, should 
also be tested perio<lically, for an inac¬ 
curacy could result in a loss of life. Thus 
a bridge is necessary to test the tester 
which tests the fuel gage. 

llie GR Type P-582 Capacitance 
Bridge, shown in Figure 1, was devel¬ 
oped to meet tiiis need. Actually, origi¬ 
nal specifications (MlL-T-4778 (USAF)) 
called for a bridge of somewhat differ¬ 
ent design, but the Type P-582, which 
meets the essential requirements, is a 
smaller and lightej- instrument, and yet 
provides greater range, higher accuracy, 
and has many convenience features. 

After evaluation tests (including many 
environmental tests) the P-o82 was 
given the militarily iissigne^l commercial 
standard designation TEST SET, CA¬ 
PACITANCE BRIIX'.E, ITU 24/E, 
PRFXTSION, THREE-TERMINAL, 
DEPOT. 
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This ins(riim(»nt is ti solf-contaiiunl 
bridRo systom which includes a 4(X)- 
cycle oscillator and a sensitive null in¬ 
dicator. Since the fuel ^age meiusures 
direct capacitance*, a “transformer 
bridge''^ was sfa*cificHl to make jK)S8ible 
direct (thret^lerminal) (capacitance 
meiisurements.* The l)asic liridge circuit 
is shown in Figure 2. 

Capacitance fn)m the unknown ter¬ 
minals to ground shunts either the os¬ 
cillator or the tightly coupknl trans¬ 
former and has no (‘fTwt unless it is very 
large (sec* s|)ecifications). In addition, 
the inductivi*ly coupled “ratio arms** of 
this type of bridge provide a ratio ac¬ 
curacy unattainabh* by other types of 
components. As a rc*sult, the accuracy of 
capacitance* measurements depends al¬ 
most i*ntiroly on the accuracy of the 
standard capacitor. The range is ex¬ 
tended by changing the turns ratio of 
the transfornu'r. The transformer is in 
the detector circuit which niak(*s possible 
a constant voltage on the unknown ca¬ 
pacitor as the range is changed, with no 
reduction in sensitivity. The transformer 
is potted inside of two, high-pi*rmeability 

Ratio A-C BrWic*^ with Inductively Coupled 
Ratio Arme,” A. A. Clark and P. B Vandeclyn. /*ri*faed- 
int/t of IKK. 02. Part HI. 1049, pp 189-108 
•••Direct Ca|>aritaner and Ita Meaaurcnu'nt,** R. F. Field. 
Gfnrmt Hodio Kxprrimn^rr, Novemlirr. 19.13 


shield cans to prevent stray fields from 
afTccting the balance. 

The imjK)rtant feature of this bridge 
is the T-network useil in the “standard** 
side of the bridge. The direct imptMlance 
of this network balances out the direct 
impediuice of the unknown at balance. 

The balance eejuations are: 

Ca = C, (M) 

whrre M is h multiplier of 1 or 1/10 (as se¬ 
lected) and Cx is the srri(« capucitaiirc of the 
unknown. 

Dx = ojR (Ca -f Cb) 

The sum -f- Ch) is kept coiustant, so 
that R is prtiportional to Dx and, there¬ 
fore, is direc*tly calibrated in dissipation 
factor. Other transformer-tyjK* capaci¬ 
tance bridges reejuire a computation to 
obtain this quantity. 

The standard capacitor, which forms 
the ditTer(*ntial luiit consisting of Ca and 
Cfl, is actually a 50-to-l 100 variable 
air unit mid a 10(X>-to-l0,(KK)/x/ii/ de<*ade 
of silvered-mica capacitors. 'Fhe sum ^ 
(Ca 4- Cit) is kept constant by the ad¬ 
dition of an extra set of stator plates 
to a Typk 722 Capacitor, and by dif¬ 
ferential switching of the mica units. 

On the XI/lO range the lower limit 
is extended down by a factor of l/lO, 
so that the over-all range becomes 
omm/ 11,000 mm/- I ke accuracy of 
the variable unit (with dial corrt'ction) 
is db 0.4 mm/ or ± 0.1%, whichever is 
larger. In the Xl/10 position, this means 
a bridge accuracy of i .04 mm/ or ±0.1% 
over the range of 5 to 110 mm/- "I ke rang(* 
from 110 to 1100 mm/ be coveretl in 
either of two ways: (1) with the variable 
air capacitor andamultifdierof XI ;or (2) 
by use of the mica decade and a multi¬ 
plier of XI 10. W]i(*n only the air ca¬ 
pacitor is used, the accuracy of mea.surc*- 
ment is 0.4 mm/ or 0.1%; with the mica 
decade, which has a 0.1% accuracy, the 
over-all accuracy is close to 0.1%, just ^ 
as on the 1000- to- 11,000 mm/ range. 
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The i)ercentagc accuracy for capaci¬ 
tance measurement (with dial correc¬ 
tion) is plotttnl against capacitajice in 
Figure 3, whicli also shows the original 
speciHcations. The small jogs in the 
curve aiv the elTect of the =t 0.4/i^i/speci- 
licalion of the variable capacitor and arc 
of small con.secjuence. The original spcvi- 
tication calk'd for a KKK) ju/x/ variable ca¬ 
pacitor with an accuracy of i 0.2 /x/x/or 
dt 0.J%, which is unobtainabk* in pre.s- 
ent capacitors without a much nu»re de¬ 
tailed corre<*tion chart than that called 
for by the sfx'cifications. 

Tin* dissipation-factor accuracy is 
zh 2% of reading zt 0.0002. The small 
losses of the mica decade are balanced 
out by r(*sistive networks on the un¬ 
known side of the bridge whic’h are 
switchnl as the decade is adjiLst<*d. 

The 4(Kl-cycle oscillator is thermistor 
stabiliz<*ti and list's a Wien bridge sx*l(*i*- 
tive netw(»rk in a thre(*-stage fiH»d- 
back circuit, which has such a high k)op 
gain that the frequency is practically in- 
dept'inlent of ttilx; parameter change's. 
The fri'quency-determining components 
are OH prcH'ision resistors and capacitors. 
A biilTer cathode'-follower amplifn'r is 
adde*!! to prevent external loaeling from 
affecting the freejuency. 

The deteirtor circuit has several fea¬ 
tures that facilitate rapid and accurate 
balance's. Two cjiscaded, se'kM’tive, twin¬ 
er, fcHHJback Jimplifiers provide high 


selectivity, and the sensitivity is more 
than adequate for a prex*ise balance. The 
null indicator has a compresseel resix)nse 
and use's a nigge'<liz(Hi meter. Two panel 
lights indicate the dire'ction of e*apacitive 
unbaLance when the meter is upscale. 
Thus it is not nece*ssary to use a trial- 
aiid-eiTor metheKl of decieling which 
way to vary the standard capacitor 
when the unknown is first connee*teMf. 
This feature gre'aily reeluces the time 
re'e|uire*d to biilance the bridge and 
iLsually make's gaiiwontrol adjustments 
uniures.sary. 

It should be noteHl that, although this 
bridge was dc'signe'd for a particular pur- 
pe)se. it is also suitable for ge*neral ca¬ 
pacitance m(‘iisur(*ments at 4(X) cycles. 
Its accuracy, range, portability, and self- 
contain(*<l nature make it a most useful 
instrument for prtH'ise, three-terminal 
measurements. 

The author would like to acknowledge 
the contributioiLS of the many i)eople at 
General Radio whose ideas were incor- 
IKjrated in the instrument. The guiding 
hand behind the development was that 
of P. K. McFlroy, whose aid in the de¬ 
sign also lussurwl compliance with the 
retpiirements of environmental tests. 
The ideas of I. G. Faston and K. A. Sod- 
erman were used in the circuitry, and 
the layout was largely the work of H. G. 
Stirling. 

— Henry P. Hall 


Figure 3. Plol of porcontogo accuracy vartut capocitonca maoturad. 
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SPECIFICATIONS 


Rang* *: Cap^itance: 5 fxfJ to .011 

DitMipation Factor: 0 to .11. 

Accwrocy: Ca|)acitAiioc: Figun* 3. Variable 

Capacitor: on xl Hange, zb 0.4 aaf or ±0.1%, 
whichovor is gnuiter; on Xl/10 Itiingi*, ± 0.04 
ttfd or ± 0.1%, whichever is grt*ater. Ih'ctule 
Cafiiu.'iUir: ± 0.1% on both ranges. 

Dissipation Factor: ± 2% of reading ± .0002. 

Oscillofor: Fn*quo.ncy: 400 cp.s ± 0/26%,. 

Out^nit: 25 volts nominal. 

Distortion: less than 0.5%. 

D«**ctor: 

Staisitivity of amplifier alone: 10% scale 
defioction for 10 avolts input. 

Serunti\ntv of sv.'^U'm: X1 MITLTIPLIKR po¬ 
sition — lO^c deff(i*4*tion for .05 ftfJ AC. 

Xl/10 Mri/riPLIER position—10% deflec¬ 
tion mr .005 nfJ AC. 

iS'leetivity of iimplifier alone: down 50 db 
at S(X) efjs, (l«iwn 04 (lb at 00 cps. 

Selectivity of amplifier and bridge traiw- 
formcr: down 60 dJ) at 800 cps, down 80 db at 
(K) cps. 

Eg«ct of lmp«donc« to Third Tarmlnol (ChottU): 

Ini{MHlan(M‘ from th(* iin.shir4d(‘d leiul to chassis 
shiDits th<* (Mcillator and, therefore, chuhim no 
bridgt* nrn>r. The output \*oltage is n^duced 
approximately 50% by shunt impfslaiuM* of 
5 kil or 0.1 at- 

Irapeilainx^ from the coaxial lead to ehiissis 
shtmtsth(' bridge trajisformex. On tin* X1 MlTy- 
TIPLIER }MMitioTi, there is midixilde effect 
from a tdiunt of 1 kli or 0.1 af On the xl/10 

Type 



Figure 4. Vi«w of Typo P-S82 Copodfanc* Bridge 
with cover in place. 


MULTIPLIER p<»Hit.i<>n. there is negligible 
efftsit from 10 kll or 0.01 af- 
Accescories SuppRed: Of»e power cord. 

Tube Complement: 5-5751; I - 12AT7WA; 1- 
fiX4\VA. 

Power Supply: 105 to 125 volts, 50-60 cycles. 

30 wiitts input at 115-volt line. 
Dimeneione: (Daigtb) 22^ ill. X ^height) 14 in. X 
(depth) I2*<j hicnt's over-all, including cover. 
Net Weight: ,55 lbs. 


Code Word 


Price 


SUI’KK 


I Price on request 


P.582 


Copocitonce Bridge. 


CAPACITANCE TEST BRIDGE 

60 120-CYCLE MODEL NOW STANDARD ITEM 


Tho s|XH*ial ri0/l20-<*ycle mcxlel* of 
the popular Type Ceimeittuice 

Teal Bridge has enjoyed such wide- 
sprt'ati aceeptanee that it now liee^imos 
the standard mtxlel and will lx‘ known 
as Type Kill-JL This bridge will mms- 
ure eaiMicitanee and dissipation factor 
over wide range's; at a frefjuency of 60 
cps from tJie |K)wer line and at 120 cps 
from an external generator. Filters arc 
provid(*d in the mill-iletector eireiiit ff>r 
l)oth frtH|uencies. 0|>eration at other 
frequencies, up to 1000 cps, is also pos¬ 
sible, if 8uif4ible external generators and 
filters are used. 


120-Cycle Measurements 

CapaeitaiKX' measurements at 120 cps 
are used primarily for the measurement, 
of polarimi el(H*trolytie capacitors. In 
the majority of applications of these 
capacitors, a 120-cycle ripple current is 
sui>eriraposed on the applitnl tinidii-ec- 
tional voltage and, hence, it has become 
standard practice to tc»st such capacitors 
at that frequency. The capacitance 

•'*l!U)rtroI\'tic r«T>aritar Trrtinf 120 CjTJm,** General 
Kodio Experimenter, 2S, 4. Novrtiihcv. I9rt3. 8. 

I. G Kai^ton. "A l2Q^yrle Sourer for Elcrtn»lytir Capaci¬ 
tor Trwtinn with the Cnporitatier Twit Bridpa," General 
Rytdio Experimenter. 31, 3, Aiisuid, tO.'iO. pp. 0-12. 

*Ivan O Kajtirm. “A Wldr-Ran«r Capacitance Teat 
Brvlxe," General Radio Experimenter. 23, 2, July, 1948, 

pp. 1-S. 
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range of the bridge is 1 nf to 11,000 nf 
and tlie dissipation-factor range is 0 to 
120% when the frequency of the test 
voltjige is 120 cycles. Tlie D dial is cali- 
braUHl for GO-cycle measun‘ment8; at 
120 cycles the (correct value of dissipa¬ 
tion factor is obtained by multiplying 
the dial readings by a factor of 2. 

Measurements at fit) cps have many 
uses: In the lalniratory and shop, for the 
U'sting of paper, mica, and other capaci¬ 
tors; in the elcHMric-power mdustry, f(ir 
the shoj) testing of insulators, particu¬ 
larly for the measurement of tJie dis¬ 
sipation factor of bushings and insu- 
latoi*8, transformers, rotating machiiu»s, 
and cable; in the electronics industry it 
is us(m1 not only for measuring com- 
pon(‘nt capacitors, but also for mejisur- 
ing capacitance to ground of trans¬ 
former windings, shields, and circuit 
elements. 

Th(‘ capacitance range for G()-cycle 
measurements is 0 to 11,(XK) p/; the dis¬ 
sipation-factor rang!' is 0 to (K)%. 'I'lie 
extension of the capacitance range to 
zero is mad<* possible by a uni({ue com¬ 
pensating circuit’, which eliminates the 
elTiH't of stray capacitance at the l)ridge 
terminals. If, for practical purjXKses, we 
consider the lower limit of measurement 
to be (»ne micromicrofarail, the bridge 
covers a capacitance range of 11 billion 
to one. 

Other Frequencies 

Measur(*ments at other frequencies up 
to KXK) cycles can be made with this 
bridge, over a range of 1 jif to ll,()(M)iu/. 
Both extenial generator and exteriuU 
filters must be used. The dissipation- 
factor ninge is 0 to /%, where / is t)i)or- 
ating frequency in cycles per second. 
Dissipation-factor dial rc*a<lings are mul- 


Ftgur* 1. Panel view of Type 1611*B Copocitonce 
Test Bridge. 


tiplied by ~ to obtain the true dissipa¬ 


tion factor, expresstni in |M?r cent. 
Accessory Equipment 

For 120-cycle mfasureinents, the rec- 
omnKMidetl external g(*nerator is the 
Tyi»k 1214-AS2 Unit Oscillator. For 
higher frcH|uencies the 4'ypk 121()-H Unit 
K-(,’ Oscillator is satisfactory, or for 
(i.xed-fre<|uency measurements at 1000 
cycles, the Type 1214-A Unit Oscillator. 
Polarizing voltag(‘ can lie furnished by 
any convcTiienl d-c |x)wer supply. For 
voltages up to iXK) volts, the Type 1*204- 
H Unit Variable Power Supply is rec¬ 
ommended. 


SPECIFICATIONS 


Capocitonce Range: 0 to 11 ,(K)0 pf at 00 cycles. 
1 tJ to 11,000 pf Jit 120 cyclfH or other loctemul 
fnqui'ucy. 

Diteipiition-Factor Range: 0 to liO^'r tit f’lO ryclcit. 
Ktitig<‘ pn>{w»rtin!i;il to frequency. (0 to 120*'^ at 
120 cyrh*s.) Dial rotuling-s must lx* multi pi i(>d 

by the ratio ^ for frcquoiiciw other than 00 


cycle's. 

Accuracy: CapaeitiUice, d=l%. Dissipatjon fac- 
tor,:h(2% of dial muling -f-0.05'*^ x dissipti- 


tion fju’-tor). 


Delector Filter; Tuned io 00 or 120 cycles, fiO- 
ItH'tiHl hy Hwiteh. Jack j>n»vided for ust* f»f on 
(‘Xternal filter for other rreque!neie.s. 

External Generator: Kiquin'd for fn'queiieies 
Other than 00 cycles. TvI’K 12I4-AS2 Oseilla- 
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tor Iist<*d below is recommended for 120-cycIe 
nieasuremeJits, 

Polorlzlng Voltog*: Terminals are providfHl for 
(*oni)eetiiig an extenial d-c polarizing voltage. 
The maximum voltage that should be im¬ 
pressed is 500 volts. 

One of the terminals is grounded so that juiy 
arc operat<*d powirr supply with gn>unded out¬ 
put can Ix! usc*d. The terminal capacitances of 
the power supply do not Jiffect the bridge 
circuit. 

Pow*r Supply Volfag«: 105 to 125 (or 210 to 250) 
volts, 60 cycles. 


Pow*r Input: 15 watts. 

Acc«»sori*t Suppliud: Typd CAP-35 Power 
Cord and spiU’c fuses. 

Mounting: Portable cany'ing ca.se of luggage- 
tyj^ construction. Case is complettdy shielded 
to insure freedom from electrostatic pickup. 

Tube Complement: One each 6X5-GT/G, 6SJ7, 
and 6U5. 

Net Weight: 30}^ pounds. 

Dimensions: (Width) 141^ X (depth) 16 X 
(height) 10 inches, over-all, including cover and 
handles. 


Type 


Code Word 

Price 

1611-6 

1 Copocitonc* Test Bridge. 


$570.00 

1214-AS2 

1 Unit Otcillator (including power supply). 


100.00 


IRE<-1958 RADIO ENGINEERING SHOW 

New York Coliseum, March 24-27 


Experimenter readers who attend the 
1058 Radio Engineering Shttw are cor¬ 
dially invitetl to visit the General Hatiio 
display in Booths 3302 to 3310. These 
lMK)ths are on the third floor of the 
Coliseum, which is devoted almost com¬ 
pletely to electronic instruments and 
test equipment. 

Several new instruments vnW be on 
display, among them: 

Slotted Line for Dielectric Measure¬ 
ments — A new model of the popular 
General Radio slott<Hl line, ilevelopwi 
particularly for mea.surements of dielec¬ 
tric constant and dis.sipation factor of 
.solid insulating materials. Operating at 
frpfiuencies l)etween 200 and 5000 mega¬ 
cycles, this line will measure dielectric 
coiLstants between 1 and 10 with an ac¬ 
curacy of approximately dr 2%, and dis¬ 
sipation factors l>etween 0.(K)01 and 0.1 
with an accuracy of ± (5% -f 0.0(K)1). 

Transfer Function Meter — A new 
VHF-UHF instrument for the direct 


General 



measurement of forward and reverse 
transfer functions of transistors, vacuum 
tubes, and networks. 

Capacitance Bridge — A transformer 
bridge, which measur(»s direct (3-termi- 
nal) capacitance over a range of 5 mm/ 
to 0.011 pf at 4(K) cycle's. This bridge 
is fully di'scribed elsewhere in this issue 
of the Experimenter, 

6-Gang Variac^ Autotransformer — 

Six Type W50 Variac* Autotransformers 
on a .single shaft, rated at 343^^5 K\'A. 

Other Important Displays include 
Pulse Equipment, T.^boratory Stand¬ 
ards, Voltage Regulators, Electrometer, 
Impetlance Bridges, General Radio Parts 
and Connectors, and a complete line of 
the well-known General Riwiio Unit 
Instruments. 

Plan to Visit the GR Booths. You’ll 
find it worth your while. Our engin(*ers 
will l)e on hand to greet you and to dis¬ 
cuss your measurement problems. 


Radio Company 
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